Comparison of in vivo and in vitro models to evaluate pulp temperature rise during exposure to a Polywave 
Introduction
Maintenance of pulp safety is an essential challenge for clinicians in many restorative treatments, since heat generated from use of high and low speed handpieces, 1 restorative materials having exothermic setting reactions, 2 restoration finishing and polishing, 3 as well as from application of high power light emitting diode (LED) -based light curing units (LCUs) and laser sources to polymerize resin-based materials 4 may cause pulp temperature (PT) to rise to values considered harmful for the pulp. 5 For these reasons, in vitro temperature increase within pulp chamber of extracted teeth has been investigated. 4, 6 Over the last decade, heat generated during tooth exposure to light emitted by LED LCUs has become an area of concern for clinicians and researchers. These concerns are based on availability of new, powerful light-curing devices that are capable of emitting light with radiant emittance values exceeding 2,000 mW/cm 2 .
7
Several studies evaluated the thermal stimulus caused by LED LCUs. Most of those studies relied on in vitro techniques using extracted teeth to evaluate temperature rise within the pulp chamber of extracted teeth while external heat sources were applied.
6,8,9
The most common methodology uses thermocouples inserted inside pulp chambers of extracted teeth to measure temperature changes in this location during exposure to various LCUs. 6, 8, 10, 11 In an attempt to simulate the same physiological conditions observed in vivo, some authors developed specific devices in which the roots of extracted teeth were connected to a pump to provide a water fluid flow inside the pulp chamber so blood flow could be simulated, while the temperature inside the pulp chamber was initially stabilized at an average value close to the body core temperature (approximately 37°C) 6, 8, 12 or lower. 10, 11 Conversely, other studies focused only on measuring temperature changes during exposure to LCUs, without simulating tooth physiological conditions. 9, 13 Because of differences between these approaches, along with variance in LCU types, radiant emittances, and characteristics of teeth, 4,9,11,13-18 a wide range in temperature value increases inside the pulp chamber, ranging from 1.5
to 23.2°C, is found in the literature. 4, 9, 11, [13] [14] [15] [16] [17] [18] However, despite such differences in results and methodologies, many in vitro studies concluded that the use of some
LED LCUs can cause an increase in temperature values
within the pulp chamber higher than the threshold temperature increase considered harmful for the pulp (5.5°C). treatment, and were subsequently tested in a clinically relevant in vitro system. In addition, the same LCU used in the in vivo analysis was also used for in vitro analysis. The tested alternative hypotheses were that
(1) there are no significant differences in ΔTEMP values and time for temperature to reach maximum (ΔTIME) measurements between in vitro and in vivo models, and (2) both the in vivo and in vitro models show a direct, positive correlation between applied radiant exposure to intact facial tooth surface and both ΔTEMP and ΔTIME.
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Methodology
In vivo measurement of pulp temperature increase After approval by the local Ethics Committee 
In vitro analysis of PT increase
The same premolars and LCU used in the in vivo study were tested in the in vitro, so any possible difference between outcomes would be exclusively attributed to the differences between the two models.
The extracted teeth were stored in 0.1% thymol (Symrise GmbH, Holzminden, Germany) until the moment they were fixtured to and tested in the in vitro model previously established. 10 In that approach, 
Statistical analyses
The ΔTEMP and ΔTIME data obtained in vivo and in vitro were subjected to two-way repeated measures ANOVA, followed by Bonferroni's post-hoc test at a pre-set alpha of 0.05. Linear regression analysis was performed to examine the relationship between applied radiant exposure level and ΔTEMP, as well as between radiant exposure and ΔTIME in both 
Results

In vivo and in vitro ΔTEMP and ΔTIME during curing light exposures
For the number of evaluated teeth (n=15), the in vivo study was adequately powered for EM and condition (in vitro and in vivo) factors (over 99,0%; α=0.05). Table 1 values dropped immediately after the LED light shut off (Figures 3g and 3h) . In teeth exposed to the 5-s/T EM in vitro, approximately half of the total PT increase occurred during exposure to the LED light, while the other half was noted after the light shut off (Figure 3f ).
Discussion
To the extent of our knowledge, this is the first in ΔTEMP between in vitro and in vivo models was only noted when 60-s/H was delivered, whereas only small differences in ΔTEMP were observed when other, more clinically relevant, EMs were delivered to the teeth.
Curiously, despite such differences, no significant difference in ΔTIME was observed between both test conditions, even when in vitro ΔTEMP was 1.6 times higher than in vivo values. Such a finding infers that the in vitro rate of PT increase was higher than that observed in the in vivo model, as illustrated by the time/temperature profiles of PT increase (Figure 3) . Therefore, the first alternative hypothesis, stating that there are no significant differences in ΔTEMP values and ΔTIME measurements between in vitro and in vivo models, was partially rejected. Because the LED LCU, EMs and teeth were the same for both test conditions, such divergence between these results may be attributed to the dynamic regulatory mechanism of pulp tissue for heat distribution during temperature changes in this tissue used to dissipate heat transferred by external thermal stimuli throughout the dentine/ pulp complex. 6, 25, 26 In other words, when any external thermal stimuli generates more heat, fluid movement, either inwards or outwards from the pulp, will increase in an attempt to reduce the magnitude of PT rise. 6, 25, 26 For this reason, the actual in vivo pulp regulatory system has shown to be more effective in dissipating was observed between delivered radiant exposure and PT increase for both in vivo and in vitro models, so the influence of varying exposure modes on PT increase was similar for both models.
